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(57)Abstract 

PROBLEM TO BE SOLVED: To provide steel for induction hardening excellent in torsional fatigue characteristics and suitable as steel 
for shaft parts such as an automobile drive shaft and to provide induction hardened parts. 

SOLUTION: This steel has a composition containing 0.3 to 0.58% C, 0.01 to 1.0% Si, 0.85 to 1.7% Mn, 0.005 to 0.15% S, 0.0005 to 0.005% 
B, 0.001 to 0.1% Al and 0.0003 to 0.01% Zr and further containing specified quantity of one or more kinds selected from Te, Ca, Zr, Mg, 
Y and rare earth elements and has a microstructure consisting substantially of ferrite-perlite, in which the structural area ratio of 
ferrite is 1-1.05 x C or lower to the C content (%), and the ferrite grain size is <25 u.m. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By mass %. C:0.3 - 0.58%, Si:0.01-1.0%, Mn:0.85-1.7%, S:0.005 - 0.15%, B:0.0005 - 0.005%, and aluminum:0.001-0.1% are 
contained. Furthermore, Te:0.0005-0.02%, calcium:0.0005-0.02%, Zr: 0.0003-0.01%. Mg:0.00 1-0.035%, Y:0.001 - 0.1%, rare earth elements : 

m Two of one sort or 0.001 - 0.15% of sorts or more are contained. P:0.025% or less, less than [ Cr.0.35% ], less than N:0.0070%, Restrict 
to 0:0.0025% or less respectively, and the remainder consists of iron and an unescapable impurity, and a micro structure is a ferrite 
pearlite organization substantially and the rate of organization area of a ferrite receives the content carbon content C (%). Steel for 

" induction hardening which is characterized by being below 1-1.05xC and the diameter of ferrite crystal grain being 25 micrometers or 
less and which twisted and was excellent in the fatigue property. 

[Claim 2] Furthermore, steel for induction hardening according to claim 1 which is characterized by containing less than [ Ti:0.05% ] by 
mass % and which twisted and was excellent in the fatigue property. 

[Claim 3] Furthermore, steel for induction hardening according to claim 1 or 2 which is characterized by containing two of one sort or 

less than [ Nb:0.04% ] and V:0.4% or less of sorts by mass % and which twisted and was excellent in the fatigue property. 

[Claim 4] Furthermore, steel for induction hardening which any one publication of claim 1-3 characterized by containing one sort or two 

sorts in less than [ Mo:0.3% ] and less than [ nickel:1% ] twisted, and was excellent in the fatigue property with mass %. 

[Claim 5] Furthermore, steel for induction hardening which any one publication of claim 1-4 characterized by the scores of the ferrite 

band of the organization of a cross section parallel to the hot rolling direction being 1-5 twisted, and was excellent in the fatigue 

property. 

[Claim 6] The induction hardening components which have the component of any one publication of claim 1-4, and are characterized by 
the aspect ratio of MnS being ten or less and which twisted and were excellent in the fatigue property. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is concerned with the steel for induction hardening, and relates to the steel for induction 
. hardening suitable as a material of the various shafts like the drive shaft manufactured in more detail by carrying out induction 

hardening on the frequency of 5-40kHz, or an outer ring of spiral wound gasket which twisted and was excellent in the fatigue property. 
If this development steel is used, it is effective also in the baked crack prevention at the time of induction hardening. The fabrication 
process of the components set as the object of application of the present steel is the process which performs annealing before the 
process and cold forging which performs direct cold forging, without performing annealing, or in the middle, the process which included 
a cutting process in these or the process which carries out the fabrication of the components mainly by cutting, the process which 
carry out the fabrication of the components by cutting which included the annealing process in part, the process which include forming 
of rolling in these either further, the process which combined warm forging with these either. In addition, since the target components 
are manufactured by cold working, such as cutting and cold forging, in this way by this invention, it is minded also about cold-working 
nature. 
[0002] 

[Description of the Prior Art] The various shafts manufactured at an induction hardening process have strong orientation of high- 
intensity- izing in connection with the high increase in power of an automobile engine in recent years, or atmospheric control 
correspondence. The main necessary property of these components is twisted and is a fatigue property. 

[0003] It is aimed at the product which carries out induction hardening on the frequency of 5-40kHz in this invention. Primarily, the 
hardening layer depth is shallow (for example, the hardening layer depth is the quadrant grade of a radius), reservation of abrasion 
resistance etc. was a subject and the product by which induction hardening is carried out on the frequency around 100kHz which is the 
conventional mainstream was a technical problem with important reservation of the hardness of the outermost surface. On the other 
hand, since the technique which carries out induction hardening on the frequency of 5-40kHz made into an object by this invention can 
make the hardening layer depth deep, it recently attracts attention. 

[0004] JP.3-177537.A — C:0.38 - 0.45%, less than [ Si:0.35% 1 and Mn: — 0.3 - 1.0%, B:0.0005 - 0.0035%. Ti:0.01-0.05, and aluminum: — 
more than ferritic grain size number.6, a microstructurerf err ite and a pearlite, hardness 80-HRB 90, and direct cutting and the steel 
materials for induction hardening that have less than [ decarbonization depth:DM-T0.2mm ] which is specified by JIS0558 are shown 
0.01 - 0.06% and N:0.01% or less. In this invention, in order to raise machinability further, suppose that a free-cutting component like 
further S:0.005 - 0.30%, calcium:0.O0O2-O.005%, Pb:0.005-0.30%, and Te:0.005-0.10% can be added if needed. The point of these 
invention steel materials having applied B steel, and having specified the decarbonization depth is the description. Although the 
property at the time of carrying out induction hardening to this official report on the frequency of 100kHz is indicated, the property at 
the time of carrying out induction hardening on the frequency of 5-40kHz made into an object by this invention is not indicated, 
moreover, this official report is primarily perceived by this invention — it twists and reference is not made at all about a fatigue 
strength property. It is added S:0.02 order, and the steel shown as an example is considered that Expanding MnS exists so much, and is 
considered that generating of the hardness nonuniformity of the induction hardening section becomes a problem, it twists and it is 
thought that its fatigue strength property is not enough. 

[0005] Moreover, direct cutting and the steel materials for induction hardening which have a fine grain organization beyond ferritic grain 
size number6 are shown in JP.5-179400.A C:0.38 to 0.45% less than [ Si:0.35% ], Mn:1.0% ** -1.5%, B:0.0005 - 0.0035%, Ti:0.01-0.05, 
aluminum:0.01-0.06%, and N:0.01% or less. The purport containing one sort (Pb:0.01-0.20%, S:0.005 - 0.30%, Bi:0.01-0.10%, Te:0.0005- 
0.10%, and calcium:0.0003-0.0050%) or two sorts or more is shown by claim 4 of this invention. These invention steel materials are steel 
materials to which the amount of Mn was made to increase to JP.3-1 77537.A. Although it twists in this official report and 
reinforcement is indicated, it twists and fatigue strength is not indicated. Since it is added S:0.02 order and Expanding MnS exists so 
much, the steel shown as an example is considered that generating of the hardness nonuniformity of the induction hardening section 
becomes a problem, it twists and it is thought that its fatigue strength etc. is not enough. 

[0006] Moreover, it sets to the longitudinal section which passes along the axial center of a line or cylindrical rolled stock in JPJ1- 
1749.A. It is parallel to this axial center, and exist from this axial center in 1/4, and 100mm 2 of D (D expresses diameter of rolled 
stock) specimen plane products which contain the left imaginary line as a center line. The steel for induction hardening excellent in the 
bending fatigue strength and rolling fatigue strength which are characterized by compound inclusion with a diameter of 10 micrometers 
or more which consists of an oxide system and a sulfide system being 20 or less pieces is shown. In this invention, it is supposed as a 
selection element that less than [ Te:0.1% ] and less than [ Zr:0.1% ] can be contained S:0.1% or less, B:0.01% or less, and 
calcium:0.0005~0.01%. The aim of addition of this invention of calcium, Te. and Zr is to raise [ spheroidizing MnS and improving an 
anisotropy and ] machinability. without degrading toughness and a bending fatigue property. The point of having restricted big and rough 
compound inclusion with a diameter of 10 micrometers or more which consists of an oxide system and a sulfide system for the purpose 
of this invention offering the steel for induction hardening which may discover the bending fatigue property which stood high with 
induction hardening, and a rolling fatigue property in the above-mentioned range is the description. However, in this invention, it twists 
and reference is not made at all about the fatigue property. Bending fatigue is the phenomenon of a crack carrying out generating 
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propagatron in a cross section perpendicular to shaft orientations, and resulting in destruction with tensile stress, [ a front face or near 
the front face ]. On the other hand, it is the phenomenon which has been taken up by this invention and which spreads in respect of 
twisting, and a crack generating fatigue in respect of being parallel to shaft orientations by shearing stress [ a front face or near the 
front face ], and making shaft orientations and 45 degrees after that. That is, the operating stress which twists and causes destruction 
by fatigue breaking and bending fatigue breaking, and cross sections which a crack generates differ from each of gestalten of 
destruction. Moreover, rolling fatigue is set in the repeat contact phenomenon of a rolling element, it is the phenomenon which a crack 
generates and spreads from the front face of the contact section, or directly under [ surface ], and it twists with rolling fatigue and a 
stress condition completely differs from the device of generating and propagation of a crack by fatigue. As mentioned above, the 
description about the bending fatigue property and rolling fatigue property in JP,1 1-1749,A is not the thing which was taken up by this 
invention and which twists and gives suggestion in any way about fatigue strength. 
E0007] 

[Problem(s) to be Solved by the Invention] With the indicated above steel, existence of Expanding MnS, that a ferrite is unsuitable 
forward, etc. twist owing to, and they are considered that a fatigue property is inadequate. This invention offers the steel for induction 
hardening and the induction hardening components which solved and twisted such a problem and were excellent in the fatigue property. 

[0008] 

[Means for Solving the Problem] this invention person solved the above-mentioned technical problem using the following means. 
[0009] By mass %, namely, C:0.3 - 0.58%, Si:0.01-1.0%, Mn: 0.85-1.7%, S:0.005 - 0.15%. B:0.0005 - 0.005%, aluminum:0.001-0.1% and 
- Zr:0.0003-0.01% are contained. Furthermore, Te:0.0005-0.02%, calcium:0.0005-0.02%, Zr: 0.0003-0.01%, Mg:0.001 -0.035%, Y:0.001 - 0.1%, 
rare earth elements : Two of one sort or 0.001 - 0.15% of sorts or more are contained. Less than [ Ti:0.05% ] is contained further. 
Further Or less than [ Nb:0.04% ], Two of one sort or V:0.4% or less of sorts are contained. Further Less than [ Mo:0.3% ], One sort or 
two sorts in less than [ nickel:1% ] are contained. P:0.025% or less, It restricts to less than [ Cr:0.35% ]. less than N:0.0070%, and 
0:0.0025% or less respectively. The remainder consists of iron and an unescapable impurity, and a microstructure is a ferrite pearlite 
organization substantially and the rate of organization area of a ferrite receives the content carbon content C (%). It is the steel for 
induction hardening which is characterized by being below 1-1.05xC, and for the diameter of ferrite crystal grain being 25 micrometers 
or less, or the scores of the ferrite band of the organization of a cross section still more nearly parallel to the hot rolling direction being 
1-5 and which twisted and was excellent in the fatigue property. 

[0010] Moreover, invention of claim 6 is induction hardening components which have the component of the above-mentioned 
publication and are characterized by the aspect ratio of MnS being ten or less and which twisted and were excellent in the fatigue 
property. 

[0011] By using the steel and the components of this invention, the product which twisted after induction hardening and was excellent 

in the fatigue property can be obtained. 

[0012] 

[Embodiment of the Invention] In manufacture of induction hardening components, in order [ which was excellent after induction 
hardening ] to twist and to realize a fatigue property, this invention persons investigated wholeheartedly and clarified the following 
point. 

[0013] (1) An induction hardening member twists and fatigue breaking occurs the following process. 

A. A crack occurs in respect of being parallel to shaft orientations on the boundary of a front face or a hardening layer, and a core part. 

B. A crack spreads in respect of being parallel to shaft orientations the first stage. This is called mode III destruction below. 

C. A lifting and the last destruction are caused for a brittle fracture with an intercrystalline crack after mode III destruction in respect 
of 45 degrees to shaft orientations. This is called mode I destruction below. 

[0014] (2) Although it twists and generating of a fatigue crack and initial propagation occur in respect of being parallel to shaft 
orientations, if Expanding MnS exists in shaft orientations in this case, since generating and initial propagation of a crack will occur 
along with Expanding MnS. generating and initial propagation of a crack are promoted. Although (c) of drawing 1 shows the destructive 
behavior at the time of a stress load. Expanding MnS usually exists along with the low carbon martensite section shown all over 
drawing, and generating of a crack shown all over drawing is promoted by existence of Expanding MnS. From the above reason, 
generating and initial propagation of a crack are controlled granulation and by making it detailed, MnS is twisted, and fatigue strength 
improves by leaps and bounds. For generation prevention of Expanding MnS, granulation of MnS. and detailed-izing, addition of Te. 
calcium. Zr, Mg, Y, and rare earth elements is effective. In addition, since abundant addition of these elements causes a nitride of a big 
and rough ZrN grade, and oxide generation and checks cold-working nature, it is unsuitable forward. The granulation of MnS by addition 
of these elements is effective also in the baked crack prevention at the time of induction hardening. In addition, adding calcium. Te, and 
Zr with an eye on raising spheroidizing MnS to JP.1 1-1 749 A and improving an anisotropy to it as stated by the way and machinability 
of the advanced technology is described. However, although calcium, Te, and the aim that carries out Zr addition and granulates MnS 
are raising machinability, without degrading improving an anisotropy in this official report toughness, and a bending fatigue property, to 
this, by this invention, it is twisted and differs from improvement in a fatigue property clearly in both. Moreover, although bending 
fatigue is mentioned at this invention, since the operating stress which twists, and does not make reference at all about a fatigue 
property, but twists as mentioned above, and causes destruction in fatigue breaking and bending fatigue breaking, and cross sections 
which a crack generates differ from each of gestalten of destruction greatly, information which suggests the above-mentioned 
technical thought of this invention is not included in JP.1 1-1749.A at all. 

[0015] (3) Next, the part of a ferrite becomes a ferrite molar fraction is large and big and rough [ a ferrite grain ] with low carbon 
martensite from the first after induction hardening, and produce hardness nonuniformity. Since a ferrite usually exists in the shape of a 
band in parallel with shaft orientations, it will exist after induction hardening in respect of a part with low hardness being parallel to 
shaft orientations. Drawing 1 is drawing which meant typically what kind of effect comes out after induction hardening, when a ferrite 
band exists in the organization before induction hardening, it was indicated to drawing 1 that a ferrite band was remarkable — as — 
after induction hardening — from the first — the part of a pearlite organization — high carbon martensite — the part of a ferrite band 
serves as low carbon martensite from the first and a hard layer and a soft layer will exist in the shape of a layer in accordance with 
shaft orientations. Since shaft orientations become in the direction of shearing stress max when it twists to such steel materials and 
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the load of the stress is carried out to them, a soft low carbon martensite layer is met. and a shear crack occurs and spreads and 
causes destruction with low strength, from the above reason, a ferrite molar fraction is high and a ferrite grain is big and rough — a 
field parallel to the shaft orientations after induction hardening — it twists and generating of a fatigue crack and initial propagation are 
promoted. Therefore, in order to prevent this, it is indispensable to combine with granulation of MnS, to regulate a ferrite molar fraction, 
and to make a ferrite grain detailed. 

[0016] (4) Next, it is also effective to control the ferrite band itself in addition to rationalization of a ferrite. extent of a ferrite band is 
shown in drawing 2 — as — the Showa 45 Japan Institute of Metals issue — " — it is score-ized by seven steps of 1-7 in Japan 
Institute of Metals 961st page". [ of the 9 volume / 34th / No. ] namely, the above-mentioned Japan Institute of Metals — to 957th 
page - 962 pages of volume [ 34th ] No. 9 "The effect of the austenite grain size and forge ratio which are exerted on the ferrite band 
structure" was indicated as the title, and in order to display extent of "band structure on the 961st page left column of the 7-8th line 
fri quantity, the criteria photograph of Photo.4 was created, it is indicated as " — having — **** — "Photo.4 of this page 
Classifications of ferrite bands (x50x2/3x5/6) " — **** — the criteria photograph of 1 -7 is carried. This score shows that a ferrite 
band is so remarkable that a ferrite band is so slight that the number of a score is small and the number of a score is large, for twisting 
after induction hardening and aiming at improvement in a fatigue property — the above-mentioned Japan Institute of Metals of the 
organization of a cross section parallel to the hot rolling direction — it is effective that the scores of the ferrite band defined by the 
961st volume [ 34th ] page are 1-5. 

[001 7] (5) It is effective in reduction of the hardness nonuniformity resulting from a ferrite molar fraction being still larger to regulate 
the upper limit of Cr content This prevents the lack of penetration of carbide and depends it on the effectiveness of reducing the 
- hardness nonuniformity by ferrite molar fraction reason. 

[0018] (6) The effectiveness of granulation of MnS and the effectiveness of ferrite rationalization which are twisted and are exerted in 
addition on improvement in a fatigue property are the almost same magnitude. 

[0019] (7) Next, in order to control the brittle fracture mode I accompanied by an intercrystalline crack, crystal stressing by the 
following approach is effective in the shaft orientations which twisted the account of a top and were stated in the column of a fatigue- 
breaking process "C." in the field of 45 degrees. 

** Add B as an essential element. B depends grain boundary segregation P on the effectiveness driven out of a grain boundary. 
** Reduction of P which is a grain-boundary-segregation element, and the amount of O. 

** Detailed-izing of the austenite grain organization by detailed-izing of the ferrite of the former organization. 

** In order to twist further and to aim at improvement in fatigue strength, detailed-izing of the grain boundary carbide by Si increase in 
quantity is effective. 

[0020] (8) Since the target components in this invention have in addition many that are manufactured by cold working, such as cutting 
and cold forging, reservation of cold-working nature is also an important technical problem. In order to suppress improvement in 
hardness in the phase of a material and to raise induction hardening nature, addition of Mn and B is effective. In order to make B 
effective against hardenability, reduction of N is required and the amount of N is reduced to less than 0.0070% in this invention. 
[0021] This invention is made based on knowledge with more than [ new ]. 
[0022] Hereafter, this invention is explained to a detail. 

[0023] After induction hardening, although C is an element effective in giving reinforcement required for steel, since it will become hard 
and cold-working nature will deteriorate if strength required of less than 0.3% cannot be secured but it exceeds 0.58%, it is necessary 
to make it into 0.3 - 0.58% of within the limits. An optimum range is 0.4 - 0.56%. 

[0024] Although it is an element effective in giving reinforcement required for steel, and hardenability and improving resistance to 
temper softening while Si is an element effective in deoxidation of steel, less than 0.01% of the effectiveness is insufficient. On the 
other hand, if it exceeds 1.0%, the rise of hardness will be caused and cold-working nature will deteriorate. It is necessary to make the 
content into 0.01 - 1.0% of within the limits from the above reason. The optimum range in the case of thinking cold-working nature as 
important is 0.01 - 0.5%, and the optimum range in the case of thinking cold-working nature as important specially is 0.01 - 0.15%. 
Moreover, it is 0.35 ** -1.0%, and when it points to especially high intensity-ization, addition of 0.5 - 1.0% of range is desirable [ the 
optimum range in the case of twisting and thinking a fatigue property as important ]. 

[0025] Mn is an element effective in improvement in induction hardening nature. In order to obtain hardening layer depth sufficient in 
order to twist and to acquire a fatigue property, less than 0.85% of the effectiveness is insufficient. On the other hand, if it exceeds 
1.7%, since the remarkable rise of hardness will be caused and cold-working nature will deteriorate, it is necessary to make it 0.85% - 
1.7% of within the limits. An optimum range is 0.85 - 1.4%. 

[0026] Although S forms MnS in steel and it adds for the purpose of improvement in the machinability by this, less than 0.005% of the 
effectiveness is insufficient. On the other hand, if it exceeds 0.15%, the effectiveness will be saturated, will be twisted rather and will 
cause degradation of a fatigue property. It is necessary to make the content of S into 0.005 - 0.15% of within the limits from the above 
reason. An optimum range is 0.005 - 0.04%. In addition, if MnS is developing, since it will twist and a fatigue property will deteriorate, in 
order to carry out granular detailed distribution of the MnS, it is necessary to make one sort of Te, calcium, Zr, Mg, and rare earth 
elements, or two sorts or more contain as an essential element. 

[0027] B adds the following three points as an aim. ** In a steel bar and wire rod rolling, by generating boron iron carbide by the cooling 
process after rolling, make the growth rate of a ferrite increase and promote elasticity-ization of a rolling as. ** Give hardenability to 
steel on the occasion of induction hardening. ** Raise the fatigue strength and impact strength as a machine part by raising the grain 
boundary reinforcement of induction hardening material. Since the effectiveness will be saturated with less than 0.0005% of addition if 
the above-mentioned effectiveness is inadequate and it exceeds 0.005%, it is necessary to make the content into 0.0005 - 0.005% of 
within the limits. An optimum range is 0.001 - 0.003%. 

[0028] Although the dissolution N which exists in steel is fixed as AIN and Dissolution B is secured, aluminum is useful while it is useful 
as a deoxidizer. However, rf there are too many amounts of aluminum, while aluminum 203 will generate too much and an internal 
defect will increase, cold-working nature will be deteriorated. Therefore, in this invention, it could be 0.001 - 0.1%. Moreover, as for 
aluminum, in the Ti additive-free case which has the operation which fixes Dissolution N. considering as 0.04 - 0.1% is desirable. 
[0029] Next, one sort or two sorts or more in Te. calcium, Zr, Y, Mg, and rare earth elements are made to contain as an essential 
element in this invention. While these elements generate an oxide respectively and this oxide serves as a product nucleus of MnS, 
presentation reforming of the MnS is carried out like S (Mn, calcium) or S (Mn, Mg). the ductility of these sulfides is improved by this at 
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the time -of hot rolling, and granular — in order that MnS may carry out detailed distribution, it twists after induction hardening and a 
fatigue property improves. Such effectiveness of the addition below rare-earth-elements:0.001% is inadequate less than [ Te:0.0005% ], 
less than [ calcium:0.0005% ], less than [ Zr:0.0003% ], less than [ Mg:0.001% ], and less than Y:0.001%. On the other hand, if Te:0.02% **, 
calcium:0.02% **, Zr:0.01% **, Mg:0\035% **, Y:0.1% **, and rare-earth-elements:0.15% ** are added, the above effectiveness is 
saturated, and these superfluous addition will generate big and rough oxides, such as CaO and MgO, and the cluster of those rather, or 
will generate hard sludges, such as ZrN, and it will cause degradation of cold-working nature. These contents were made into 
Te:0.0005-0.02%, calcium:0.0005-0.02%, Zr:0.0003-0.01%, Mg:0.00 1-0.035%, Y:0.001 - 0.1%, and rare-earth-el ements:0.00 1-0.1 5% from the 
above reason. In addition, the rare earth elements as used in the field of this invention point out the element of the atomic number of 
No. 57-71. 

[0030] P raises the deformation resistance at the time of cold forging, and since it is the element which degrades toughness, cold- 
working nature deteriorates. Moreover, by embrittling the grain boundary of the components after induction hardening and annealing, 
since the fatigue strength of a final product is degraded, decreasing as much as possible is desirable. Therefore, it is necessary to 
restrict the content to 0.025% or less. An optimum range is 0.015% or less. 

[0031] Cr dissolves in a cementite and stabilizes a cementite. Therefore, at the time of short-time heating of induction hardening, it 
becomes the cause of a lifting and hardness no n uniformity, the lack of penetration of a cementite is twisted, and degradation of a 
fatigue property is caused. Especially this behavior will become remarkable if it exceeds 0.35%. It is necessary to restrict the content to 
0.35% or less from the above reason. An optimum range is 0.15% or less. 

[0032] As for N, it is desirable to restrict as much as possible from the following reasons of two points. Although B is added for the 
* purpose of crystal stressing etc. on a hardening disposition as mentioned above, as for the effectiveness of such B, it is indispensable 
to reduce the amount of N and to control generation of BN in order to discover effectiveness for the first time in the state of 
Dissolution B in steel. ** If N is connected with aluminum in steel, and Ti, a big and rough nitride will be generated, and cold-working 
nature deteriorates notably again, such as becoming the cause of a cold forging crack. The above-mentioned bad influence is 
remarkable especially when the amount of N is 0.007% or more. It is necessary to make the content less than 0.007% from the above 
reason. An optimum range is 0.005% or less. 

[0033] Moreover, O forms oxide system inclusion like aluminum 203 in steel. If oxide system inclusion exists so much in steel, cold- 
working nature will deteriorate. The inclination will become remarkable especially if O content exceeds 0.0025%. It is necessary to 
restrict the content to 0.0025% or less from the above reason. An optimum range is 0.002% or less. 

[0034] Although the above was the fundamental component of the target steel [ this invention ], in the 2nd claim of this invention, 
further, by adding Ti, N was fixed as TiN by Ti and it decided to defang N. Moreover, Ti is an element which has deacidification. 
However, if Ti is added exceeding 0.05%, precipitation hardening by TiC will become remarkable and cold-working nature will deteriorate 
notably. For this reason, it carried out to making it contain Ti:0.05% or less if needed. 
[0035] Next, in the 3rd claim of this invention, one sort of Nb and V or two sorts are contained. 

[0036] Nb is connected with C in steel, and N, forms Nb (CN), and is an element effective in the increment in the core part hardness by 
detailed-izing and precipitation hardening of crystal grain. However, if it exceeds 0.04%, while the hardness of a material will become 
hard and cold-working nature will deteriorate, solution-ization at the time of a steel bar and wire rod rolling heating becomes difficult. It 
is necessary to make the content 0.04% or less from the above reason. An optimum range is 0.03% or less. 

[0037] V also adds the same effectiveness as Nb as an aim. However, if it exceeds 0.4%, while the hardness of a material will become 
hard and cold-working nature will deteriorate, solution-ization at the time of a steel bar and wire rod rolling heating becomes difficult. It 
is necessary to make the content 0.4% or less from the above reason. An optimum range is 0.3% or less. 
[0038] Next, in the 4th claim of this invention, one sort of Mo and nickel or two sorts are contained. 

[0039] Mo is an element effective in raising the grain boundary reinforcement after induction hardening, and making a strength property 
increase while giving reinforcement and hardenability to steel. However, if it adds exceeding 0.3%, the rise of hardness will be caused 
and cold-working nature will deteriorate. It is necessary to make the content 0.3% or less from the above reason. 

[0040] Although nickel is also an element effective in giving reinforcement and hardenability to steel, if it adds exceeding 1%, the rise of 
hardness will be caused and cold-working nature will deteriorate. It is necessary to make the content 1% or less from the above reason. 

[0041] Next, the organization of this invention is explained. 

[0042] The part of a ferrite becomes a ferrite molar fraction is large and big and rough [ a ferrite grain ] with low carbon martensite 
from the first after induction hardening as mentioned above, and hardness nonuniformity is produced. Since a ferrite usually exists in 
the shape of a band in parallel with shaft orientations, it will exist after induction hardening in respect of a part with low hardness being 
parallel to shaft orientations, from the above reason, a ferrite molar fraction is high and a ferrite grain is big and rough — a field parallel 
to the shaft orientations after induction hardening — it twists and generating of a fatigue crack and initial propagation are promoted. 
Therefore, in order to prevent this, it is indispensable to combine with granulation of MnS, to regulate a ferrite molar fraction, and to 
make a ferrite grain detailed. When the rate of organization area of a ferrite exceeds 1-1.05xC to the content carbon content C (%) or 
the diameter of ferrite crystal grain exceeds 25 micrometers, the bad influence resulting from the above ferrites becomes remarkable. 
The rate of organization area of a ferrite is below 1-1.05xC to the content carbon content C (%) about the above reason to an 
organization, and it is required for the diameter of ferrite crystal grain to be 25 micrometers or less. Here, the rate of organization area 
of a ferrite is expressed as the rate of organization area of the ferrite when displaying with a molar fraction, that is, setting area of the 
whole organization to 1. For example, 0.4%, with C steel, it is 1-1.05x0=0.58 and the rate of organization area of a ferrite is regulated or 
less to 0.58 (if it expresses as a percentage, it will be 58% or less). 

[0043] Next, in this invention claim 5, the score of the ferrite band of the organization of a cross section parallel to the hot rolling 
direction restricts to the range of 1-5. the score of a ferrite band — above — the Japan Institute of Metals — it is the score defined 
by the 961st volume [ 34th ] page. In this invention, the reason which limited the tissue factor in this way is explained below. 
[0044] Since induction hardening is rapid heating, the carbonaceous diffusion of the part of a ferrite is inadequate after austenitizing in 
the ferrite of the organization before induction hardening being big and rough, carbon concentration becomes lower than addition 
carbon concentration, and the hardness in the location becomes small after hardening. Here, generally the band structure called a 
ferrite band is accepted in a cross section parallel to the rolling direction of the steel materials after hot rolling. If a big and rough 
ferrite continues and exists in seriate as a ferrite band, especially, the hardness nonuniformity after hardening will become remarkable 
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and will form a band with soft hardness in a longitudinal direction corresponding to the original ferrite band. Therefore, when it twists 
repeatedly on the last components and the load of the moment is carried out, along with this elasticity band, by shearing stress, a 
fatigue crack generates and it destroys by low reinforcement The above phenomenon will become remarkable especially, if the score of 
a ferrite band exceeds 5. From the above reason, the score of the ferrite band of the organization of a cross section parallel to the hot 
rolling direction set to 1-5. The range of the score of the ferrite band of the organization of the cross section where an optimum range 
is parallel to the hot rolling direction is 1-4. 

[0045] Next, invention of claim 6 is invention about induction hardening components which twisted and was excellent in the fatigue 1 
property. It has the component of any one publication of claim 1-4. and the aspect ratio of MnS restricts to ten or less. The result of 
having twisted with the aspect ratio of MnS and having investigated the relation of the time amount reinforcement in fatigue is shown 
• n drawing 3 about an induction hardening shank article. It will twist, if the aspect ratio of MnS exceeds 10, and a fatigue property 
deteriorates notably. From the above reason, the aspect ratio of MnS was restricted to ten or less. 

[0046] Which conditions are sufficient as long as it does not limit about especially the size of a cast piece, the cooling rate at the time 
of coagulation, slabbing conditions, and a steel bar rolled bar affair and cooling conditions and is satisfied with this invention of the 
requirements for this invention. 
[0047] 

[Example] Below, an example shows the effectiveness of this invention still more concretely. 

[0048] (Example 1) The steel which has the presentation shown in Table 1 was ingoted. Here, it is JIS although it is the analytical 
method of Zr in steel. G After carrying out sample processing by the same approach as 1237 -1997 schedule 3, the amount of Zr in 
steel was measured by ICP (inductively-coupled-plasma-atomic-emisson-spectroscopy method) like analysis of the amount of Nb(s) in 
steel. However, the sample with which measurement of the example in this invention was presented was 2g, and it set up and it also 
measured the calibration curve in ICP so that it might be suitable for a minute amount Zr. That is, the solution of Zr concentration 
which dilutes Zr standard solution and is different was created so that Zr concentration might be set to 1-200 ppm, and the calibration 
curve was created by measuring the amount of Zr. In addition, about the approach [-like in common ] about these ICPs, it is JIS. K 
0116-1995 (the emission-spectral-analysis approach general notices) and JIS Z It is based on 8002-1991 (tolerance general notices of 
analysis and a trial). 

[0049] After considering as the rolling material of 162mm angle, the steel bar with a diameter of 36-45mm was manufactured with hot 
rolling. Cooling after hot rolling made the cooling rate slower than air cooling using incubation covering with which some ingredients 
installed air cooling and some ingredients in the cooling table. 

[0050] Organization observation of the steel bar after rolling was performed, and it asked for the ferrite molar fraction and the diameter 
of ferrite crystal grain. 

[0051] Moreover, the Vickers hardness number of the steel bar after rolling was measured. Furthermore, from the steel bar of a rolling 
as, it set, the lump test piece was created and it asked for the deformation resistance between the colds, and the rate of a marginal 
**** lump as an index of cold-working nature. The deformation resistance between the colds was represented with the deformation 
resistance in considerable distortion 1.0. 

[0052] furthermore, a static **** test piece with a parallel part diameter [ rolled stock to ] of 20mm — it twisted and the fatigue test 
specimen was extracted, a static **** test piece — it twisted, induction hardening was performed about the fatigue test specimen on 
conditions with a frequency [ of 8.5kHz ], and a maximum heating temperature of 1000 degrees C. and it annealed on the conditions of 
170 degree-Cx 1 hour after that. Then, it static-****-examined, and it twisted and the fatigue test was performed. It twisted and the 
time amount reinforcement in 1x105 cycle estimated the fatigue property. Moreover, it twisted and asked for the aspect ratio of MnS in 
the cross section of the longitudinal direction of a test piece using image-analysis equipment 

[0053] These results of an investigation are shown in Tables 2 and 3. The hardening layer depth of induction hardening material was 
displayed by depth t of HV450. and the ratio of a radius r. 

[0054] The example 22 of a comparison is [ the property and the example 24 of a comparison of S45C of JIS of the property of S40C 
of JIS and the example 23 of a comparison ] the property of S53C of JIS. Moreover, the examples 25 of a comparison are [ 0.45C and 
the example 27 of a comparison of 0.4C and the example 26 of a comparison ] the properties of the boron steel of 0.53C. In these 
examples of a comparison, the aspect ratio of MnS has all exceeded the range of this invention convention. And about the amount of 
the same C, if the example of this invention is compared with the example of a comparison, the example of this invention twists and 
fatigue strength is notably excellent compared with the example of a comparison. 

[0055] Next, after rolling, the example 30 of a comparison is the case where the diameter of ferrite crystal grain exceeds the range of 
this invention convention, and the examples 28 and 29 of a comparison are the cases where a ferrite molar fraction exceeds the range 
of this invention convention, and it is [ the examples 28, 29 and 30 of a comparison are both twisted, and ] it is the case where 
annealing is succeedingly performed in a 650-degree C furnace, and inferior [ examples ] in the fatigue property compared with the 
example of this invention. 
[0056] 
[Table 1] 



http://vww4.ipdl.ncipi.gojp/cgiH3in/tran_web_cgi_ejje 



2006/09/07 



JP.2002-069566.A [DETAILED DESCRIPTION] 6/7 







C 


Si 


Mn 


S 


B 


Al 


Ta 


Oa 


2r 


M* 


Y 


P 


Cr 


N 


0 


Ti 


Nb 


V 


Mo 






A 


040 


0 04 


097 


0.014 


00022 


0.026 


0.0034 


- 


- 


- 


- 


0.014 


0.04 


00045 


00010 


- 


- 


- 


- 


- 




a 


041 


O05 


1.31 


D.015 


0JD015 


0.030 


- 


- 


O0017 


- 




0.013 


0.18 


00047 


0.0013 


- 


- 


- 


- 


- 


ii 


G 


0.44 


O04 


1j02 


0.013 


00018 


0.034 




00024 


- 




- 


0.015 


002 


O0045 


00010 


- 


- 


- 


- 


- 


« 


D 


0.43 


O04 


U8 


0.018 


00018 


0.033 


- 


- 


- 


0.01 84 


- 


0.017 


004 


0.0037 


00011 


- 


- 


- 




- 


it 


E 


0.41 


0.04 


097 


0.014 


00022 


0.02 B 


- 


- 


ABPJA. 


WWJL 


- 


0.014 


0.07 


0.00+9 


0.0012 


- 


- 




- 


■ 


ii 


F 


043 


0.04 


UB 


0018 


00018 


0033 


0.0029 


0.0016 


0.0018 






0.017 


004 


00042 


0.0012 


- 


- 




— 


• 


>i 


Q 


059 


O03 


1.29 


0.014 


00023 


0.028 




- 


- 




0016 


0014 


0.16 


00045 


0.0009 




- 


- 




• 


tt 


H 


044 


092 


1.26 


0.015 


00016 


0.035 


0.0030 


- 


- 




- 


0012 


0.12 


O0047 


0.0009 


- 


- 


- 


- 


- 


u 


1 


053 


O03 


1.28 


0 015 


00017 


o.ow 


0.0030 


OO014 


- 




- 


0012 


0.04 


0.0043 


0.0013 


0.025 


- 


- 


- 




u 


J 


0.40 


O04 


1.02 


0018 


00002 


0.02S 


- 


- 


- 




- 


0014 


0.04 


O0046 


0,0012 


O024 


- 


- 


- 


- 


it 


K 


040 


O05 


1.35 


0018 


00024 


O031 


0.0032 


- 


- 




- 


0015 


0.05, 


CL0O47 


oxmii 


OQ25 


- 


- 


- 




u 


L 


044 


O04 


asa 


0.015 


00013 


0.027 


- 


- 


9.0021 




- 


0.010 


003 


O0041 


o.oooa 


0.018 


- 


- 


- 




'u 


M 


045 


O05, 


1.30 


0.013 


00019 


0.028 


- 


00019 


- 


_ 


— 


0.012 


004 


00035 


0.0012 


0.021 


- 


- 


— 


- 


u 


N 


053 


O04 


aw 


0.018 


00015 


0.030 


- 


- 


- 




90E- 


0.015 


003 


O0034 


00012 


0024 


- 


- 


- 


- 


ft 


0 


053 


OD3 


1.34 


0.014 


00023 


0.034 


- 


- 


0.0012 


0.0019 


- 


O.014 


004 


0.0037 


00009 


0017 


- 


- 


- 


- 


it 


P 


044 


OH7 


1.27 


0.013 


0J0Q21 


AWL 


- 


- 


0.0014 




- 


O.014 


0.04 


OJ0O45 


0O010 


O025 


- 


- 




- 


n 


Q 


040 


OJ04 


0.92 


0.014 


00022 


0.028 


- 


i 


0.0019 




- 


0.014 


004 


00045 


0.00 10 


• 


0.025 


- 


- 


- 


it 


R . 


OH. 


WL 




0,015 


00015 


0.030 


0.0031 


- 


- 




- 


0.013 


0.1B 


O0047 


00013 


- 


- 


0.10 


- 


- 


u 


S 


045 


004 


t.02 


0.013 


0.0018 


0.034 


- 


- 


- 


00162 


- 


0.016 


002 


00045 


00010 


O025 


0.021 


007 


- 


- 


ti 


T 


043 


004 


1.28 


0.018 


00020 


O.033 


- 


0.0021 


- 




- 


0.017 


0 04 


00037 


00011 


O024 


0.024 


- 


- 


- 


It 


U 


040 


0JD4 


0.87 


0.014 


0.0022 


a 028 


- 


- 


0.0016 


00081 


- 


0.014 


0.07 


00049 


00012 




- 


- 


0.17 


- 


u 


V 


043 


004 


UL 




9.0018 


0.033 


0.0029 


0.0017 


0.0018 




- 


0.017 


0.04 


00042 


00012 


00 20 


- 


- 


0.16 


078 


u 


w 


052 


003 


1.26 


0.014 


0.0021 


0.033 


0.0030 


0.0015 


- 


0.00 14 


- 


0014 


0.18 


00045 


0.0009 


- 


O.024 


- 


0.15 


- 


it 


X 


053 


0X33 


1.30 


0.016 


00017 


0.030 


- 


- 


- 




0016 


0012 


004 


O0043 


0.0013 


0021 


0.023 


- 


005 


0.14 


H 


Y 


0.40 


0X14 


1.02 


0.018 


00002 


0.028 


- 


- 


- 


00013 




0014 


004 


00040 


0.0012 


0.024 


0.020 


O.OB 


0.15 


- 




z 


040 


0.24 


0.81 


0.018 




0.031 












0015 


0.05 


00047 


0.0011 












n 


a 


045 


0-24 


0.76 


0.015 




0.027 












0010 


0.12 


□ 004 1 


0.0009 












u 


b 


0.53 


0-23 


O80 


0.013 




0.028 












0012 


004 


00035 


00012 












u 




040 


0X14 


0.93 


0.016 


0.0015 


0.030 












0015 


003 


0.0034 


00012 


O024 










u 


d 


04b 


0X13 


1.28 


0.014 


0.0021 


0.034 












O013 


042 


00037 


00009 


O017 










ti 


a 


0.53 


004 


1.03 


0.007 


0.0023 


0,028 












0014 


0.04 


00037 


00009 


0.017 











[0057] 
[Table 2] 





No. 


a** 


#+i 




1-1.05 
XC 


7x54 
MM 
fig 


EM 
«(D 
«* 
HV 


*m 


m 


Wit 

*2 
HV 


8Mb 

mm* 

t/r 


A 


«y 

MPa 


«» 

Sfeft 

*3 


MnSCD7A 










£1- 
1.05 
xc 




<25 
Urn 


















Sio 




1 


A 


F+P 


0.51 


0.58 


20 


146 


752 


72 


648 


0.45 


9.1 


1795 


789 


4.3 


// 


2 


C 


F+P 


0.43 


0.54 


IB 


157 


755 


71 


698 


0.46 


9X 


1801 


793 


4.6 


ft 


3 


0 


F+P 


0.47 


0.55 


15 


158 


809 


69 


701 


0.47 


9.5 


1805 


806 


3.5 


tt 


4 


E 


F+P 


0.50 


0.57 


17 


145 


753 


71 


653 


0.51 


9.3 


1831 


797 


4.7 i 


It 


5 


F 


F+P 


0.48 


0.55 


18 


154 


810 


70 


694 


0.47 


9.6 


1803 


802 


4.3 


tt 


6 


G 


F+P 


0128 


0.44 


9 


183 


869 


60 


744 


0.53 


9.1 


1876 


832 


3.5 


it 


7 


H 


F+P 


0.46 


0.55 


20 


172 


867 


65 


699 


0.47 


9.4 


1884 


847 


3.7 | 




8 


1 


F+P 


0.26 


0.44 


8 


185 


864 


61 


743 


0.44 


9.2 


1875 


816 


3.6 


n 


9 


J 


F+P 


tt47 


0.58 


18 


146 


805 


70 


645 


0.47 


9.1 


1799 


803 


4.5 


n 


15 


K 


F+P 


a46 


0.58 


16 


144 


815 


67 


647 


0.47 


9.3 


1855 


802 


3.8 


tt 


11 


L 


F+P 


0.42 


0.54 


IB 


154 


808 


70 


702 


0.48 


9.2 


1806 


795 


4.2 


tt 


12 


N 


F+P 


a27 


0.44 


8 


178 


874 


60 


751 


0.51 


9-2 


18B5 


846 


4.6 


tt 


13 


0 


F+P 


0.29 


0.44 


7 


181 


901 


60 


747 


0.49 


9.3 


1912 


847 


5.4 


tt 


14 


P 


F+P 


a44 


0.53 


20 


165 


869 


64 


705 


0.50 


9.4 


1899 


855 


5.1 




15 


Q 


F+P 


0.49 


0.58 


20 


147 


752 


70 


645 


0.45 


9J2 


1797 


789 


52 


tt 


16 


R 


F+P 


0.48 


0.57 


16 


148 


818 


69 


653 


0.50 


9.1 


1863 


802 


5.7 




17 


T 


F+P 


043 


0.55 


19 


158 


810 


70 


689 


0.50 


9A 


1806 


809 


4.6 




18 


U 


F+P 


0.47 


0.58 


21 


144 


819 


69 


653 


0.51 


9J2 


1862 


802 


3.6 


tt 


19 


V 


F+P 


0.43 


0.55 


19 


153 


824 


66 


678 


0.48 


9.3 


1869 


609 


42 




20 


w 


F+P 


0.32 


0.45 


B 


184 


904 


56 


737 


0.51 


9.6 


1945 


897 


4.4 


tt 


21 


Y 


F+P 


0.47 


0.58 


19 


147 


820 


66 


651 


0.46 


9.5 


1852 


802 


5.4 



*1 F:7rri>.P:n*-7*;K B^-ftYh *2 SEj&^O.SmmttttBflWtSW* *3 1 0<D5«|§JB$|H3§& 

[0058] 
[Table 3] 



http://vmw4.ipdl.ncipi.gojp/cgi-bin/tran.web_cgi_ejje 



2006/09/07 



JP.2002-069566.A [DETAILED DESCRIPTION] 7/7 









No. 






717-Th 


1-1.05 
XC 


tig 


w& 

HV 




RBI?- 

»a 


Sib 
BSE* 

*2 
HV 


Wit 
t/r 




w 

MPa 


m 
as? 


MnS<D7* 










1.05 
xC 




S25 
U m 


















510 




22 


z 


F+P 


0.46 


0.58 


19 


163 


835 


62 


643 


0.44 


9.4 


Y587 


631 


12.7 ! 




23 


a 


F+P 


0.42 


0.53 


21 


187 


873 


61 


693 


0.46 


9-2 


1629 


664 


17.3 | 




24 


b 


F+P 


0.24 


0.44 


18 


222 


973 


53 


735 


0.46 


9.4 


1682 


716 


15.9 ! 




25 


c 


F+P 


0.51 


0.58 


21 


147 


753 


70 


652 


049 


9.3 


1783 


784 


16.3 I 




26 


d 


F+P 


0.46 


0.53 


18 


154 


819 


87 


701 


0.51 


9.2 


1791 


790 


17.1 




27 


e 


F+P 


0.34 


0.44 


9 


182 


872 


62 


742 


0.50 


9.5 


1662 


819 


18.9 




28 


A 


F+P 


0.B0 


0.58 


20 


137 


732 


75 


627 


0.42 


9-3 


1763 


729 


5.B 




29 


I 


F+P 


0.47 


0.44 


8 


175 


827 


68 


728 


0.41 


9.5 


1864 


764 


4.7 




30 


U 


F+P 


0.55 


0.58 


30 


136 


749 


73 


628 


0.47 


9,5 


1854 


731 


4.9 



*1 F;7x7^KP:A'-7^h N BA^t<F *2 StB^O.SmmflXiBiD^Pl^JI^ *3 1 0(D5^|I]ff£R5£ft 



[0059] (Example 2) Next, it rolled out on the rolling finishing temperature of 850-980 degrees C, and two 700-840-degree C conditions 
about the steel levels B, M, S, and X shown in Table 1. The former conditions are [ the conditions of the example of this invention and 
the latter ] rolled bar affairs of the example of a comparison. About these ingredients, the same evaluation as an example 1 was 
performed. Furthermore, the score of the ferrite band of a cross section parallel to a rolling direction about rolled stock was searched 
for. 

[0060] Results of an investigation are shown in Table 4. In the examples 35-38 of a comparison, the score of a ferrite band has 
exceeded the range of this invention convention. And the example of this invention twists and fatigue strength is notably excellent 
compared with the example of a comparison. 
[0061] 
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[0062] 

[Effect of the Invention] If the steel for induction hardening and the induction hardening components of this invention which twisted 
and were excellent in the fatigue property are used, on the occasion of manufacture of induction hardening components, the 
outstanding product which twists and has a fatigue property can be obtained. By using this invention steel and this invention 
components, various shafts, such as CVJ components manufactured by carrying out induction hardening, twist, and improvement in 
fatigue strength is attained. As mentioned above, a very remarkable thing has the effectiveness on the industry by this invention. 
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* NOTICES * • 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing in which the ferrite band organization before induction hardening shows the effect done after induction 
hardening. 

- [Drawing 2] It is the photograph (scale factor 28 times) of the metal texture which displays extent of the band structure in quantity. 
[Drawing 3] It is drawing in which twisting and showing the time amount reinforcement in a fatigue test, and the relation of the aspect 
ratio of MnS. 
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documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



La BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



00 REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMA&ES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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FADED TEXT OR DRAWING 




